Guillain-Barré syndrome (GBS),
Guillain-Barré syndrome (GBS) is a neurologic disease charcella-zoster virus, Epstein-Barr virus, rubeola, and human immunodeficiency virus [3 -7] . Most of these associations were acterized by ascending paralysis that can lead to respiratory muscle compromise and death. GBS is the most common cause based upon anecdotal reports or uncontrolled surveys. Campylobacter species were not reported in association with GBS of acute neuromuscular paralysis in the developed world. Considerable evidence suggests that GBS is a postinfectious pheuntil 1982 [8] because until recent years, culturing of stools for this species was not routinely done, even in patients with nomenon. Herein, I will review the data showing that C. jejuni infection is associated with GBS, explore the differences bediarrhea. Therefore, earlier cases of Campylobacter-associated GBS may have been unrecognized. tween GBS induced by Campylobacter jejuni and GBS induced by other causes, and assess the risk of developing GBS after infection with Campylobacter organisms.
Association of C. jejuni Infection with GBS
The evidence that C. jejuni is the most important trigger GBS and Preceding Infection of GBS comes from 3 sources -anecdotal reports, serologic It has long been recognized that frequently GBS is preceded studies, and culture data. As with many new medical discoverby an acute infectious illness. In 1892, Sir William Osler, a ies, the association between GBS and C. jejuni was first derenowned late nineteenth and early twentieth century physician, scribed in clinical anecdotes. In 1982, Rhodes and Tattersfield called the syndrome ''acute postinfectious polyneuritis'' [1] . [8] were the first to report on a patient who developed GBS Investigators all over the world have confirmed that in 50% -10 days after C. jejuni infection. Almost immediately, there 75% of the cases, GBS is preceded by a recognized acute was a flurry of responses from other physicians who had also infectious illness (table 1) . Upper respiratory infections are seen cases of GBS that were preceded by C. jejuni infection frequently described antecedent events, and gastrointestinal in- [9 -13] . In these early reports, it was frequently noted that GBS fections, including diarrheal illness, precede GBS in 10% -30% following C. jejuni infection was severe, with extensive axonal of the cases [2] .
damage. These reports also described the temporal relationship Pathogens associated with onset of GBS include Mycobetween C. jejuni infection and GBS; neurologic symptoms plasma pneumoniae, hepatitis B virus, cytomegalovirus, varitypically occur 10 days to 3 weeks after onset of diarrhea. The longest reported interval between onset of C. jejuni enteritis and onset of GBS symptoms is 23 days [11] . The mean excretion time of C. jejuni in stools is only 16
Presented: Workshop on the Development of Guillain-Barré Syndrome foldays [14] , whereas antibodies to C. jejuni may remain elevated assays have been done to assess the frequency of preceding C. the serologic studies are measuring this nonspecific elevation in antibody titers rather than true infection. However, obtaining culture confirmation of an association with GBS and preceding C. jejuni infection is difficult because most patients with vated titers in two or more immunoglobulin classes. However, the absence of a control group in this investigation makes it
Campylobacter infection would have already cleared their stools by the time their GBS symptoms began. Nevertheless, difficult to interpret the results. Similarly, using a complement fixation technique, Winer et al. [17] found that 14 (14%) of several investigators have succeeded in isolating C. jejuni from the stools of patients with GBS at the onset of their neurologic 99 patients with GBS had positive C. jejuni serologic tests, compared with only 2% of controls. They also looked for but symptoms (table 2) . Campylobacter is not a part of normal stool flora, and detection of the organism would not be expected did not find evidence of preceding infection with parvovirus, Epstein-Barr virus, and M. pneumoniae. However, serum speciin the absence of recent infection. Thus, the serologic and cultural studies demonstrate that at least 30% -40% of GBS mens from their patients could have been obtained up to 2 months after onset of neurologic symptoms, substantially repatients have been infected with Campylobacter in the 10 days to 2 weeks prior to the onset of their neurologic symptoms. ducing the sensitivity of any serologic test. Kaldor and Speed [19] used nonstandardized methods to study serum from 56
Because of the lag time between C. jejuni infection and onset of neurologic symptoms, these numbers likely underestimate patients with GBS and from 57 controls; in their unblinded analysis, they found that 38% of the patients and none of the association between C. jejuni infection and GBS. the controls met their criteria for positive serologic responses. Serologic tests were done as a part of a Japanese study of GBS Disease Severity in C. jejuni -Associated GBS patients; 36% were seropositive [20] .
In a large, blinded, case-control study of 118 GBS patients Even more interesting is the observation that when GBS and 113 controls in the United States, GBS patients were more occurs after Campylobacter infection, it may be more severe than five times as likely to have serologic evidence of a recent and result in more irreversible neurologic damage than GBS Campylobacter infection [22] . The association was detected associated with other triggers. Initially this was noted in anecusing all three immunoglobulin classes, and it was observed dotal reports by some researchers but not by others. Three in all age groups and in all seasons. However, it was most recent studies, however, have lent credence to this hypothesis. pronounced in those ú60 years old and during summer months. In this study, male patients also were more likely than female GBS patients to have evidence of preceding C. jejuni infection. [27] , 10 were C. jejuni -positive, and of these, 3 had severe disease. ''Severe disease'' was defined as fulminating disease GBS is more severe and results in more irreversible neurologic damage. with quadriplegia and ventilatory dependence within 24 -48 h of onset. None of the 48 patients without C. jejuni infection had severe disease. In a British study of 101 GBS patients, 23% of the patients with Campylobacter infection were unable
